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Abstract 
The Black-Scholes model is a renowned pricing method for European options. Weather derivatives are a financial product 
at the convergence of the insurance and stock markets that are at the present of a high level of interest. This product can 
hedge and be a profitable investment at the same time, and can be used on its own or as part of a portfolio. In this paper we 
wish to analyze if and how the Black-Scholes model applies to Weather derivatives 
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1. Introduction 
Weather derivatives are financial instruments that can be used by organizations or individuals as part of a 
risk management strategy to reduce risk of adverse or unexpected weather conditions. The difference from  
other derivatives is that the underlying asset (rain/ temperature/ snow) has no direct value to the price of the 
weather  derivative.  
It is natural to assume a mean-reverting model for the weather. As with interest rates, it is unlikely that the 
weather the next year would be 10 times higher than the weather the previous year. The most important 
difference between interest rate derivative models and models for weather derivatives is the calibration process. 
Interest rate derivative models are calibrated to the market prices of liquid instruments, while weather 
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derivative models are calibrated to past data. So far, a mature, active and liquid market does not yet exist for 
weather derivatives. On the other hand, we have a wealth of historical weather data. We are determining the 
parameters for which the probability of having generated the observed data is maximal. 
 
Weather derivatives are priced by means of: Business pricing methods, the Burn Analysis, Index modeling, 
Physical models of weather or through a mixture of statistical and physical models.  
In this paper we will not depict the pricing of weather derivatives, but we will want to determine if the Black-
Scholes model is suitable for use.  
 
There is no standard model for valuing weather derivatives similar to  the Black-Scholes formula  for 
pricing European style equity option and similar derivatives. That is due to the fact that underlying asset of the 
weather derivative is non-trade-able, which violates a number of key assumptions of the Black-Scholes Model.  
 
Black-Scholes-Merton, the standard option-pricing methodology, is based on the notion of continuous 
hedging. This works well, when pricing options on currencies, stocks, commodities or other fungible assets that 
can be traded in the spot market.  
 
Fisher Black and Myron Scholes developed a model in 1973 to price "put" and "call" options that is still 
commonly used nowadays. The Black-Scholes model is based on assumptions that they are not suitable for 
weather derivatives. The primary assumption sustaining the hypothesis is that the underlying index of the 
contract (the HDD -Heating Degree day-or the CDD-Cooling Degree Day-index of the weather derivatives) 
follows a random walk without mean reversion. Their model predicts that the variability of temperature 
increases with time, supposing that temperature could wander off to any value of the scale.  
The Black Scholes model for a particular option/future makes the following presumptions:  
 
There is no arbitrage opportunity (i.e., there is no way to make a risk less profit).  
 It is possible to borrow and lend cash at a known constant risk-free interest rate.  
 It is possible to buy and sell any amount, even fractional of stock (this includes short selling).  
 The above transactions do not incur any fees or costs (i.e., frictionless market).  
 The stock price follows a geometric Brownian motion with constant drift and volatility.  
 The underlying security does not pay a dividend.  
 
consisting of a long position in the stock and a short position in the option, whose value will not depend on the 
price of the stock  
 
Several of these assumptions of the original model have been removed in subsequent extensions of the 
model. Modern versions account for changing interest rates, Merton, 1976, transaction costs and taxes, 
Ingersoll, 1976, and dividend payout. 
 
 
 
 
 
 
613 Botoş Horia Mircea and Ciumaş Cristina /  Procedia Economics and Finance  3 ( 2012 )  611 – 616 
Next, we will try to illustrate an example of the applicability of the Black-Scholes model for a weather 
derivative that has its basis anchored in the evolution of the temperature. The data will be studied for the city of 
Cluj-Napoca, for the month March 2012. 
 
 
Table 1. Weather information for Cluj-Napoca, Romania, For March 2012. Data collected from www.wunderground.com Max Min Avr  
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Fig. 1. Graphic representation of the weather of March 2012, in Cluj-Napoca, Romania. Data collected from www.wunderground.com  
 
In Fig 1. we can observe the daily temperature values for March 2012, where we see that there is no mean 
temperature, thus no mean reversion. The temperature, wind speed and barometric pressure differ, thus making 
it very hard to predict correctly. Taking this into consideration, we have made a comparison between the 
months of March in 2011 and 2012 (Fig. 2.).  
The maximum and minimum daily temperatures are used in order to illustrate the evolution of both the 
Heating Degree Days (HDD) and Cooling Degree Days (CDD) indices. The two indices have been presented in 
detail in a previous paper.  
The temperature manifests a powerful fluctuation during this month, thus making it difficult to predict 
efficiently. Also, it is shown that the weather is not identical same period from year to year. The interval 
between the 9th and 25th of March is representative for the maximum if the period, meanwhile between the 3rd 
and 19th of March is for the minimum. These figures are the recordings of the National Meteorological 
Agency. If the data were to be simulated, the temperatures would be totally unrealistic, and they would be 
outside the normal (approx. -36
o
C +40oC for Romania) interval.  
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Fig. 2. The Maximum and Minimum temperatures register in March in 2011 and 2012, in Cluj-Napoca, Romania. Data collected from 
www.wunderground.com  
There is no liquidity in the market of these contracts, so the Black-Scholes style of pricing is not suitable. 
physical measurements, which gets us back onto the problem of efficient weather prediction.  
Therefore we have observed some reasons why the Black-Scholes Model would not be suitable for the 
valuation of weather derivatives:  
 Black-Scholes payoffs are determined by the value of the supporting index at the time of its maturity. 
Weather derivatives are usually seasonal or monthly as contract period, thus entering the non-Black-Schoels 
payoff group.  
 The underlying variables (e.g. temperature, wind or precipitation) are not standard tradable, so their price 
cannot be without financial risk factors.  
 Weather does not manifest a price evolution as assets do, thus the "walk" that it has is not similar to the 
"random walk" of financial assets. Variables as temperature are more likely to remain within specific and 
narrow intervals, probably because of the meteorological and geological implications.  
 Weather does not have the "random" nature as the stock assets have. Weather has an inherent nature that 
makes it predictable in the short run and random around historical averages in the long run.  
Gunter Meissner and James Burke, in their 2009 paper "Can we use the Black-Scholes-Merton model to 
value temperature options?", say that even though the model has limitations it is a better valuation method then 
the Burn analysis. But even they have to recognize that:  
 The international weather market is incompletely developed and the hedgings are limited. There are some 
markets, as the American one, in which it can be used but even in these the BSM equation is not fully 
applicable. 
 Another problem is that the two main indices, HDD and CDD, do not have a normal distribution, which is a 
must for the model to be affective. 
Stephen Jewson and Mihail Zervos, tried to adapt the BS model to accommodate the weather derivatives 
structure, but they were faced with the same problems as Meissner and Burke. Jewson was more specific, 
having a more mathematical approach, however preferred valuation method for weather derivatives remained 
the Burn-Analysis. 
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Conclusions 
  
The Black-Scholes model, despite being conceived for European and exotic derivative instruments, does 
not work well with a weather index. The weather market, thus quickly developing, in my point of view 
manifests theoretical and mathematical/economical inconsistencies. These inconsistencies make the use of the 
BS model hardly preferable. As we have highlighted in the paper, the Black-Scholes Model is not suitable for 
use in pricing individual weather derivatives contracts. The model should be feasible to be put in use when 
weather derivatives are part of a portfolio, thus insuring a better meeting of the pre-requested assumptions. 
With an increase in the interest for weather derivatives and development of the weather market, financial 
research tries to find the optimal models of valuation for both their insurance and stock-market form. But the 
unpredictable weather aspect makes this a laborious and complex undertaking.  
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